On the basis of many years of research conducted at the Aley River irrigation system and generalization of literary materials, the impact of irrigation on soil fertility, composition and properties of chernozemic, meadow chernozemic and chernozemic meadow soils, their water and salt regime, and crop productivity has been established. A comprehensive assessment of the long-term impact of irrigation on the change in the hydrophysical and chemical properties of soils and the ecological and reclamation state of the irrigated area is given. The influence of long-term irrigation on the nature and direction of the dynamics of groundwater and salt levels in soils is revealed. The water and salt balance of soils has been compiled, depending on the characteristics and duration of irrigation. It is proved that in conditions of insufficient drainage of the territory, non-compliance with scientifically grounded irrigation regimes, rational irrigation techniques, violation of agricultural technology and crop rotation during long-term irrigation leads to the deterioration of some properties of soils, their salinization and alkalination. Regularities and changes in soil-amelioration conditions during prolonged irrigation of land have been established.
Introduction
Altai Krai is the largest agricultural region in Western Siberia with more than 10 million hectares of agricultural land, out of which arable land is 7 million hectares.
Due to harsh climatic features, soil productivity is inferior to that of similar soil and bioclimatic zones of the European part of Russia.
One of the most important reasons for the low crop yield is the lack of natural water availabilty in the soil, therefore, the degree of agricultural production intensity in the region is small.
A powerful way to increase crop yields under these conditions is irrigation. Natural resources of the region make it possible to provide irrigation for more than 1 million hectares of land. The main fund of agricultural land is situated in the steppe regions of the Altai Krai, more than 60 % of arable land is located there.
The development of irrigated agriculture is of great importance for farms located in the Aley River steppe, there is a significant fluctuation of precipitation there with often repeated droughts and, as a consequence, unstable yields. All these factors led to the construction of one of the largest irrigation systems (the Aley River irrigation system) in Western Siberia in 1914.
During the period of intensive exploitation from the 1930s to the 1990s, when irrigating, they were often guided not by moisture requirements of crops, but only by economic opportunities with a constant increase in irrigated area, which by 1986 had reached its maximum of 25 thousand hectares.
In carrying out agricultural activities, large violations were noted. The current planning was practically not carried out. There was no proper care of the irrigation network and its structures. A large volume of irrigation water was discharged [16] .
Efficiency coefficient of the system was 0.22, and water utilization coefficient was 0.26--0.40. All these data indicate extreme trouble in the water sector of the system.
Due to the violation of agricultural technology, improper operation of the system and non-compliance with the irrigation regime of crops, the threat of widespread salinization of irrigated lands and a deterioration in the general soil fertility has occured.
From the 1990s to the 2000s, a critical decline was observed in the country's agroindustrial complex, including irrigated agriculture. During this period, the total irrigation area of the Aley River irrigation system decreased to 10 % and amounted to 2500 ha.
The infrastructure of the abandoned area was no longer used in agriculture.
As a result, the country's food security was on the verge of destruction and Russia was forced to purchase large quantities of imported agricultural products [2] .
Since the 2000s, the state has launched programs to stimulate the production of its own agricultural products, including the intensive development of the reclamation industry.
The Aley River irrigation system was included in the list of objects, embraced by the program "Development of Land Reclamation of the Russian Federation 2014--2020" [7] .
The chosen research object has been in operation for more than 100 years, which could not but effect the development of certain environmental problems, associated with the degradation and depletion of natural resources. DOI 10.18502/kls.v4i14.5621
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The main objective of the study is to identify the effect of prolonged irrigation on the changes in soil properties in order to preserve and reproduce their fertility, increase crop yields.The following tasks are set:
-to assess the change in soil properties of the Aley River irrigation system during prolonged irrigation;
-to study the basic hydrophysical and agrochemical properties of irrigated soils under the influence of prolonged irrigation and the type of agricultural use;
-to study the water and salt regime of irrigated soils and evaluate its changes due to long-term irrigation;
-to give recommendations on restoration of soils based the conducted research
Description of the Method
The experimental scheme and research methods used in the study
As it is known, anthropogenic factors significantly affect the soil-forming processes, resulting is new properties of soils, which leads to a change in their level of fertility.
Irrigation radically changes the water regime of soils, the direction of the soil-forming processes and soil fertility. At the same time, a new agro-irrigation layer is created on the surface, and the soil is transformed into a completely different type. In the area of irrigated agriculture and with prolonged irrigation, negative processes often occur and, as a rule, the ecological and reclamation state of soils worsens gleying and secondary salinization are noted. Therefore, in our studies it was envisaged to identify changes occurring in soil fertility depending on the characteristics of soil conditions and the irrigation period.
The studies were conducted in 2014--2018 on the lands of the Aley River irrigation system at the following farms: LLC``Aleksandrovka'' (the village Novoaleksandrovka), peasant farm``Sleptsov'' (the settlement Zelenaia Dubrava), SPK collective farm``Sibir'' (the village Veselyi Iar), the former land of state farm "Tekhnikum", Open Society State Farm``Nikolskii'', (the settlement Bezrukavka) LLC``Novorossiiskoe'', (the settlement Novorossiiskii). At the farms, stationary irrigated plots were selected and dynamic observation platforms of 1 hectare (100x100 m) in size were allocated. Observation wells to study the regime of groundwater were located next to the dynamic platforms.
On these plots, soil profiles and wells were laid to determine the properties of soils and their fertility. Dynamic sites were replications, located on the same type of soil with approximately the same occurrence depth of the groundwater. At some dynamic sites, research was carried out in two to three replications so that in each variant there were at least four repetitions.
Field experiement was started in 2014 and was carried out over the past five years (from 2014 to 2018). During this period, perennial herbs were cultivated in all variants of the experiment. The experiment was organized as follows ( Table 1) .
Field and laboratory studies were carried out using generally accepted methods.
Soil samples for laboratory analyses were taken in the period of soil ripeness. Samples were taken in layers. Physical and hydrophysical properties of soils were determined following methods, described in the works of S.V. Astapova (1958), N.A. Kachinskii (1945 Kachinskii ( , 1965 Kachinskii ( , 1970 The density of soil structure was determined by the cutting ring method without disturbing the soil structure, and the density of the solid phase of the soil was determined by the density bottle method. The firmness of the soil was determined with the help of N.F. Golubev's density meter by the profile method. The total porosity was determined by calculation, and the aeration porosity was determined by the difference between the volumes of the total soil porosity and the water porosity.
The minimal moisture capacity (MMC) was determined in the field by the poured pads method with the subsequent determination of humidity by thermostatic and gravimetric method. The water permeability of the soil was determined by the method of S. I.
Dolgov. (1966) . Productive humidity was determined by the difference between the actual humidity and wilting moisture. The latter was determined by calculation on the maximum hygroscopicity (MG) data:
The maximal hygroscopic moisture was determined by the method of A.V. Nikolaev.
The rate of absorption and filtration was calculated by the formula:
where W is the volume of water supplied, cm 3 ;
F is the base area of the inner cylinder, cm; t is the time of maintaining the water layer, min.
The filtration rate was determined after establishing a constant flow rate of flowing water.
Chemical analysis of the soil was carried out by the generally accepted methods, Sampling for determining the salt regime of soils was carried out twice a year in spring and autumn. Watersoluble cations (K, Na, Ca, Mg) and anions (S04, Cl, CO3) were determined by making water soil extract in a ratio of 1: 5. Determination of the content of potassium and sodium was carried out by flame photometry and that of calcium and magnesium by the titrimetric method with Trilon B, of sulfates by the gravimetric method (or titration), of chlorides by titration with silver nitrate, and the dry residue was determined by the gravimetric method. The occurrence depth of groundwater was measured by using observation wells. AgroSMART 2019
Results Obtained in the Course of Research
We have studied hydrophysical and agrochemical properties of soils in accordance with research variants. Table 2 shows that, over a long period of irrigation, soil compaction, a decrease in total porosity and a slight increase in the minimal moisture capacity has The structure of the arable layer (0--30 cm) remained favorable, despite the fact that the total porosity during the irrigation period decreased by 6 %. On meadow chernozemic soils with approximately the same irrigation period (variant 6), the total porosity decreased on average to 48.5 %, and the aeration porosity to 18.1 %. In this variant the aeration porosity remained optimal, and the total porosity was slightly lower than the optimal value [14] .
With the duration of irrigation of 40--45 years (variants 3--4), the aeration porosity was within the optimal range, and the total porosity of the upper soil layer of 0--30 cm was decreasing over the years of research on average to 46.9--47.5 %, with the optimal lower rise of 50 %. Over the years of irrigation, there was a decrease in the total porosity in these variants by an average of 8 %, and the stable aeration porosity was 16.4--16.5 %, staying favorable.
However, in the subsurface layer the aeration porosity decreased to 13.1--13.7 %, and the total porosity to 43.6--44.5 % on average. The same tendency was also observed there: the total porosity was below the optimum and the aeration porosity dropped to the lower permissible limit. Moreover, on meadow chernozemic soils the porosity remained more favorable compared to chernozemic meadow soils of the same irrigation period.
The porosity of the soil compared to the initial data has significantly changed in the old irrigated zone, where the duration of irrigation is more than 50 years. Thus, on meadow In general, porosity is characteristically decreasing with an increase in the irrigation period, as well as in the process of transformation into meadow. In the years of research the differences in porosity were insignificant, although there was a tendency to its decrease with short irrigation periods.
Thus, the structure of the arable layer is the most favorable in the non-irrigated variant and with short periods of irrigation (not more than 20--30 years) In the old-irrigated zone (more than 50 years) the structure of the arable and especially subsurface layer was less favorable and periodic deep reclamation treatments are required to improve it. It should be noted that, according to our calculations, the tendency of deterioration of the arable layer structure, which was initially favorable, was also noted for irrigation periods of up to 20 years. Compared to the dry-farming land, with the prolonged irrigation the soil structure density has increased from 1.26 to 1.44 g/cm, firmness from 14. Groundwater lies most deeply from the surface (more than 5 m) on the southern newly irrigated chernozem, and is close to the surface (2.0--2.8 m) on chernozemic meadow soils with the irrigation period of more than 50 years.
With an increase in the duration of irrigation, there is a gradual increase in groundwater mineralization, from fresh to weakly mineralized water, and in drainless depressions to medium and highly mineralized water.
The salt regime of soils with an increase in the duration of irrigation was noticeably deteriorating. In the southern chernozem, non-irrigated and irrigated for 10--17 years, the content of toxic salts in 1 meter layer did not exceed 0.04--0.06 % and the soils remained uninhabited. In meadow chernozemic soils with 20--30 years of irrigation duration, the amount of toxic salts increased on average to 0.15--0.24 %, and with the duration of more than 50 years up to 0.33 %, and soils accordingly became weakly-and medium salinized [1] . The chernozemic meadow soils were characterized by an average degree of salinization, but were characterized by the highest content of toxic salts (0.39 and 0.49 %, respectively, with irrigation period of more than 20 and 50 years).
In the process of research, we selected areas with different irrigation durations for soybean sowing and yield determination. The highest yields of soybean were obtained on the southern chernozem irrigated for 10--17 years (on average 2.5 t/ha) and were 2 times higher than on the dry-farming land ( 
Conclusions and Suggestions
At present, the Aley River irrigation system is undergoing the process of reconstruction and modernization of equipment, but all this can be in vain without the cardinal shift in attention to the soil reclamation component of agricultural land.
First of all, it is necessary to improve the quality of irrigated lands using agrotechnical tools, namely, it is necessary to lighten the fertile soil layer which, over a long period of irrigation, has significantly compacted and does not allow all nutrients to penetrate.
Second, to restore soil fertility at the Aley River irrigation system during prolonged irrigation (more than 11--17 years), it is recommended to use an integrated irrigated farming system for individual irrigated plots, taking into account the duration of irrigation. A mandatory element of this system is the application of organic and mineral fertilizers, following ecologically safe standards and the introduction of grain-grass crop rotation, providing a positive balance of humus. When practicing overhead irrigation, it is necessary to observe the optimal irrigation regime with norms at which groundwater does not rise and secondary salinization and alcalination of soil are not observed. In the system of agrotechnical measures it is necessary to provide for lesser use of heavy equipment, and to implement the technology of cultivating crops in accordance with the zonal recommendations for irrigation. Thirdly, in order to maintain the groundwater occurrence depth below the critical level, it is necessary to provide a closed drainage on poorly drained lands, and to reduce soil compaction during prolonged irrigation, it is advisable to conduct deep loosening once per crop rotation.
Fourthly, in order to reduce the average irrigation norm and the overall ecological load per 1 hectare of irrigated area, it is necessary to provide for cultivation of crops with different levels (intensity) of water consumption.
Discussion
The analysis of the data obtained during research showed that in the process of prolonged irrigation lasting more than 50 years, dramatic changes in the soil-reclamation state of irrigated lands occur, as demonstrated by indicators of the salt regime of soils, their humus content, density of soil structure, etc.
As a result, there is a decrease in crop yields, e.g. soybean in our studies. The results of the harvest show that the highest rates were obtained in areas with shorter irrigation duration, namely less than 25 years, since all indicators characterizing soil reclamation state were within the average acceptable range.
Based on the materials obtained, a system of measures has been developed to improve the soil reclamation and agroecological state of the Aley River irrigation system.
Recommendations are made for production aimed at scientifically grounded use of irrigated lands. Suggestions are given for the preservation and reproduction of the fertility of irrigated soils and crop yields increase.
